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II. An Account of fome new Experiments , relating 
to the AElion of Glafs lubes upon Water and 
Quicl{filver. *By James Jurin, M. D. Reg. 
Soc. <Cr Coll. Med. Lond. Soc. 

TN a* Difcourfe formerly prefented to the Royal Socie- 
j| ty, I maintain’d, that the Sufpenfion of Water in a 
Capillary Tube was owing to the Attraction of a fmall 
annular furface on the infide of the Tube, which 
touch’d the upper part of the Water. Among the feveral 
Experiments made ufe of to prove this Aflertion, was 
that of a Glafs Funnel of feveral Inches Diameter, hav¬ 
ing its fmall end drawn out into a very fine Tube, 
which Funnel being inverted and fill’d with Water, 
the whole quantity of Water therein contain’d was fu- 
ftain’d above the Level by the Attraction of that nar¬ 
row Annulus of Glafs, with which the upper furface 
of the Water was in contaCt. 

Soon after that Difcourle was printed, came out a 
Book publilh’d by a very Learned and Ingenious Mem¬ 
ber of this Society, in which that Experiment was ac¬ 
counted for in the following Manner. 

If there be a Funnel, as ABC, Fig, 1. full of Water , 
and whofe wide end ftands in a Feffel of Water as B C ; 
and the Top of the Funnel A ends in a Capillary Tube 
open at A, the whole Water will be fuftatnd: the Flllar 
A a by the Attraction of the Circle of Glafs within the 
Tube immediately above it ; and all the reft of the Pillars 
of Water, as Ff , D d, Ee, Gg, &c, in fome weafure by 
the Attraction of the parts of the Glafs above them, as F, 
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D, E, G : And hat the fmall Pillars or Threads of Water 
D d, and Ee, do not Jhde down to F f, and G z, and (0 go 
quite down, feems to be owing to their Gohcfton with the 
Pillar A a, which is Juflaind by the Capillary Tube At 
For if you break off the [aid Tube at D E , the whole Water 
will prefently fink down. 

As this Solution was very different from what I had 
before given, and the Reputation of that Gentleman, 
whole great Knowledge in Experimental Philofophy is 
generally known, was fufficient to give weight to any 
of his Opinions, 1 thought my felf under an Obliga¬ 
tion to examine his account of the Experiment, in or¬ 
der either to demonftrate its inefficiency, or to retract 
my own Solution. Accordingly at the next meeting 
of the Society, I produced the following Experiment* 

The Funnel, AFGBC, Fig z. who e lower part 
B C F G, was Cylindrical to a confiderable height, and 
whole top was drawn out into a fine Tube at A, 
being fill’d with Water to the height BF, lo that the 
furfaee of the Water F G, did not reach to the arch¬ 
ed part of the Funnel, I touch’d the end A with a wet¬ 
ted Finger, whereby a fmall quantity of Water being 
insinuated into the Capillary lube at A, the Water 
contain’d in the Funnel was fufpended above the Le¬ 
vel of the Water in the Cittern D E, as in the former 
Experiment. 

In this Experiment it is manifeft, that the little 
Columns, into which we may fuppofe the Cylinder of 
Water, FGBC, to be divided, are no way futtain’d 
by the Attraction of the arched part of the Glai's above 
ihem, fince th y have no cental with it. Nor is 
there any fuch middle Pillar of Water, which, by its 
sontabi with the Tube at top is both fuff din'd it felf, 
and helps to fupporc the Pillars about it. Upon the 
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fuppofition of which two Particulars that Gentleman’s 
Solution was founded. 

This Experiment may he thus accounted for. The 
Cylinder of Water FGBC, by its weight balances a 
part of the prefture of the Atmofphere, which is in* 
cumbent on the Water in the Ciftcrn. and endeavours 
to force that Cylinder upwards The reft of that 
prefture is balanced by the Spring of the Air, A F G, 
which is includ d between the Cylinder of Water 
FGBC, and the little Column of Water in the Ca¬ 
pillary A. But, as this Air by its Spring preft’es e- 
qually every way, it mud balance as much of the 
prefture of the Atmofphere upon the little Column of 
Water at A, as it does of that upon the Water in the 
Ciftern. The remainder of the prefture of the Atmo¬ 
fphere upon the Column of Water at A is fuftain’d by 
the force with which that Column adheres to the 
Capillary Tube, which therefore does exactly balance 
the weight of the Cylinder of Water FGBC, and 
is the real, though not the immediate, caufe of its Suf- 
peniion. 

The experiment fucceeds in the fame manner when- 
a Column of Quickfilver is railed into the Funnel, in- 
ftead of the Column of Water FGBC, the top of the 
Tube being touch'd with a wet Finger as before. But 
then the height of the Quickfilver in the Funnel muft 
be as much Jefs than that of the Water, as irs Speci- 
fick Gravity is greater- 

l proceed now to acquit my felf of a Prcmife I 
made in the Difcourfe abovemencion’d, of examining 
whether the Experiments therein contain’d would fuc- 
ceed in Vacuo ; and whether Water could be fufpend- 
ed in a wide Tube by means of a Capillary at Top, 
at a greater height, than what it can be rais’d to by 
the Prefture of the Atmofphere. 
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In order to this, I boil’d fome Water, and after¬ 
wards purged it of its Air by means of the Air-pump ; 
which being done, thofe Experiments all fiicceeded in 
the exhaufted Receiver, in the fame manner as in the 
open Air. 

The 13 th Experiment in particular was made with a 
Tube of about 35 Inches in length, and a quarter of 
an Inch Diameter, the top of it being drawn out into 
a fine Capilla'y Which being fill’d with Water pur¬ 
ged of its Air, as before mention’d, the whole quan¬ 
tity continued fufipended in the exhaufted Receiver. 

This plainly fiiews, that the fuccefs of that Experi¬ 
ment does not depend upon the Prefiure of the Air, 
fince the fmall quantity of Air left in the Receiver was 
by no means capable of fuftaining the Water at fo 
great a height, and confequently that the height, at 
which Water may be fufpended in this manner, is 
not limited by that Prefiure. 

But here I muft not omit taking notice of a confi- 
rable Difficulty, which'‘prefents it felf to thofe who at¬ 
tentively confidcr this Experiment. In order to make 
which the better appear, it will be proper to obferve 
wha happens, when a fimple Capillary Tubs is fill d 
with Water purged of Air, and inclos’d in the exhaufl- 
cd Receiver. 

In this cafe the whole Column of Water contained 
in the Tube A C B, Fig. 3 d, is fufpended by the At¬ 
traction of the Annulus at the top of the Tube, A. And 
though that Annulus does not immediately adt upon 
any part of the Water, except what is either contiguous 
to it, or ; o near as to be within the Sphere of its At¬ 
traction which extends but to a very fmall diftance; 
yet it it impofiib'e, that any other part of the Water, 
as for in ft a nee that at C, fhould parr from the Water 
above it and fink down, becaufe its defeent is oppos’d 
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by the attraction of the contiguous Annulus at C. For 
this, being equal to the upper Annulus at A, is capa¬ 
ble of fuftaining a Column of Water of the length A B, 
and confequently is more than fufficient for fupporting 
the Column of Water below it, C B. From which it is 
plain, that no part of the Water contain’d in the Tube 
canpoffibly defcend, unlefs the upper part, affifted by 
the weight of the Water below it, be fufficient to over¬ 
come the Attraction of the Annulus of Glafs at A. 

But in fuch a compound Tube as that made ufe of 
in our Experiment, Fig. 4 ;th A CB, the cafe is very dif¬ 
ferent, and it does not eafily appear, why in a Facu- 
um any part of the Water in the wider part of the Tube, 
as for Example at C, fhould not leave that which is 
above it, and defcend ; fince the Annulus at C is by 
much too wide to fuftain a Column of Water of fo great 
a length as C B, 

The bell; anfwer I can give to this difficulty is, that 
the Cohefion between the Water contain’d in the Ca¬ 
pillary and that below it, is fufficient to balance the 
weight of the Column fufpended. But how far this 
Cohefion may depend upon the Preffure of a Medium 
fubtile enough to penetrate the Receiver, is worthy of 
Confideration. For though fuch a Medium will pervade 
the Pores of the Water, as well as thofe of the Glafs, 
yet it will ad with its intire Preffure upon all the folid 
Particles, if I may fo call them, of the furface of the 
Water in the Ciflern ; whereas fo many of the folid Par¬ 
ticles of the Water in the Tube, which happen to lie 
direCtly under the (olid Particles of the Water above them, 
will thereby be fecur’d from this Preffure; and confe- 
quently there will be a lefs Prefiure of this Medium up¬ 
on any furface of the Water in the Tube below the 
Capillary, than upon an equal furface of the Water in 
the Ciflern. So that the Column of Water fufpended 
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in the Tube may be fuftain’d by the difference between 
thofe two Preflures. This Explication teems to be fa* 
vour’d by the following Experiments, w hich may all be 
accounted for in the fame manner, though I fliall anon 
mention another Caufe, which contributes to the Suc- 
cefs of the fit ft and fecond. 

The fir ft I fliall mention, is the famous Experiment 
of the fufpenfion of Mercury purged of Air, to the 
height of 70 or 75 Inches, in the Torricellian Tube, in 
the open Air. To which we may adu the fuRaining 
of Mercury likewife purged of Air within the exhauft- 
cd Receiver, as related by that Learned and Succefsful 
Promoter of Natural Knowledge, Monf. Papin, in his 
Continuation du Dig?flour. I forbear to mention the 
fufpenfion of Water purged of Air, in the Vacuum, 
which he deferibes in the fame Book 5 becaufe there is 
little difference between that Experiment and our own 
abovementioned, the very trp of the arched part of his 
Tube, which top we may fuppofe as fmail as we pieafe, 
(applying the place of the fine Capillary at the top of 
cur Tube. But we muft not omit the Experiments 
made by the famous Mcnf Huygens, and deferibed by 
him in Phil. Tranfacl. No. 86 . of the cohering of po- 
1 1fir’d Plates with a confiderable force in the exhaufted 
Receiver; as likewife of the running of Water and Mer¬ 
cury, when purged of Air, through a Siphon of une* 
qual Legs in the Vacuum : All which he accounts for 
from the fame Principle, and much in the fame manner, 
as we have ufeci for explaining the Experiment above. 

As to the Exiftence of fuch a Medium, I fliall con¬ 
tent my felf to refer to what has been Paid by our //- 
I'jlriius Prefident in the Queries at the latter end of 
the Jail Edition of his Opticks: and as 1 have lately 
had die Honour to entertain the Society with feme Ex¬ 
periments upon Quickfiiver, which were exactly the 
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reverie of thole made by Dr. Taylor, the late Mr. Hawks- 
bee and my felf, upon Water; by which 1 am now en¬ 
abled to throw this whole affair into a little Syftem 
by it felf, I (hall beg leave to lay it down in the follow¬ 
ing Propofiticns, the Proof of which is contain’d in the 
Experiments annexe. 

PROPOSITION I. 

The Particles of Water attract one another. 

This. I think, is now univerfally acknowledged, and 
therefore needs no Demonftration ; the Sphericity of the 
drops of Rain, and the running of two drops of Water 
into one another upon their contact, manifeftly proving 
it. 

PROPOSITION II. 

The Particles of Jguickfilver attraft one another• 

This is likewife manifeft from the Spherical Figure, 
into which a drop of Mercury forms it felf upon a 
Table; and from two of them immediately running to* 
gether, as loon as they come to touch. 

PROPOSITION III. 

Water is attracted by Clafs. 

This plainly appears from all the Experiments, tfoas 
we have ihewn upon this Subjed. 

PROPOSITION IV. 

'uickfilver is attracted by Glafs, 

Experiment I. If a fmall Globule of Quicksilver 
be laid upon a clean Paper, and be touched with a 
piece of clean Gutfs; upon drawing the Giafs gently 
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away, the Quickfilver will adhere to it, and be drawn 
away with it. And if the Glafs be lifted up from the 
Paper, the Quickfilver will be taken up by it, in the 
Came manner as a piece of Iron is drawn up by the 
Loadflone, and will flick to the Glafs by a plain Sur¬ 
face of a confiderable breadth, in proportion to the 
bulk of the drop, as manifeflly appears by an ordina¬ 
ry Microfcope. Then if the Glafs be held a little ob > 
liquely, the drop of Mercury will roll flowly upon its 
Axis along the under fide of the Glafs, till it comes to 
the end, where it w ill be fufpended as before. 

Exp. xd. If a pretty large drop of Mercury be laid 
upon a Paper, and two pieces of Glafs be made to 
touch it, one on each fide ; upon drawing the Glafles 
gently from each other, the drop of Mercury will ad¬ 
here to them both, and will be vifibly drawn out 
from a globular to an oval Shape; the longer Axis 
palling through the middle of thole Surfaces, in which 
the drop touches the Glafles. 

PROPOSITION V. 

The Particles of Water are more ftrongly attracted ly 
Glafs, than by one another. 

This manifeflly appears from the rifing of Water in 
fmall Tubes above the Level. For when the Water 
begins to rife into a Capillary Tube, all the Particles of 
Water, which touch the fmall Annulus at the bottom 
of the Tube, mufl have quitted the conta <2 of the 
other Warer, and have rifen contrary to their Gravity, 
to come into contact with the Glafs. After the fame 
manner the other Experiments of Dr. Taylor , Mr. Hawks- 
lee and my felf, upon, this Subjedl, are eafily explica¬ 
ble. For upon a careful Examination, it will be found 
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in them ail, that fome parts of the Water quit the con¬ 
tact of the other Water, and join themfelves to the 
Glafs. 

PROPOSITION vr. 

The Particles of Quickfilver are more fircngly attracted 
h) one another, than ly Glafs. 

Exp I. Fig. $. If a fmall Tube as A B, open at 
both ends, be dipt into a Glafs Vcflel fill’d with Mer¬ 
cury, and be held clofe to the fide of the V die!, that 
the rile of the Mercury within it may appear; the Mer¬ 
cury will partly enter into the Tube, but will (land 
within it at fome depth, as C E, below the Surface of 
the Qpickfilver in the Vcflel, CD; and this depth will 
always be reciprocally as the Diameter of the Tube 

In this Experiment a Column of Quickfilver of the 
height C E endeavours to force the Mercury higher in¬ 
to the Tube; and as Glafs has been already prov'd to 
attract Quickfilver, the Attra&ion of the annular Sur¬ 
face on the infide of the Tube, which is contiguous to 
the upper part of the Mercury, will likewife confpire to 
farther its afcenr. What oppofes the afcent of the 
Quickfilvet, is the Power, by which that part of it, 
which endeavours to rife into the Glafs, is drawn back 
by the Atrradion of the other Mercury, with which it 
is in conrad laterally, and this does not only balance the 
Atcra&ion of the Glafs, but like vife the weight of the 
Column of Mercury of the height C E, and confe- 
quently this Attradion is confidcrably ftronger than 
the Attradf ion of the Glafs. 

The caufe therefore, that fufpsnds the weight of the 
Column of Mercury CE, being the difference between 
the Attra&ion of the annular Surface of the Tube at E, 
and that of an equal Surface of the Quickfilver in the 
Ciflern, from which the Mercury, that endeavours to 
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rile into the Tube, muft recede, in order to unite it felf 
to fuch an Annulus of the Giafs, will always be pro¬ 
portional to that annular Surface, or to the Diameter 
of the Tube. And fince the Column fuffain’d mud be 
proportional to theCaufe that fufpends it, that Column 
muft likewife be as the Diameter of the Tube. But 
the Column iufpended is as the Square of the Diame¬ 
ter of the Tube and the height C E conjointly ; from 
which it follows, that the height C E muff be as the 
Diameter of the Tube reciprocally, as it is found to be 
by Experiment. 

T he Experiment of the Afcent of Water above the 
Level in a Capillary Tube, is juft the Reverfe o r this. 

Exp. II. Fig. 6. Quickfilver being poured into the 
inverted Siphon AGB, one of whofe Legs AC is nar¬ 
rower than the other C B ; the height C E. at which the 
.Mercury Hands in the wider Leg C B, is greater than 
the height C D, at which it (lands in the narrower Leg 
C A. 

On the contrary, Water Hands higher in the narrow¬ 
er Leg, than in the wider. 

Exp. Iff. Fig. 7. ABCD leprelents a red angular 
plane of Giafs, which makes one fide of a wooden 
Box. On the infide of this is another Giafs plane of 
the fame iize, which at the end A C is prefl: clofe to 
the former, and opens to a (mall Angle at the oppofite 
end B D. When Mercury is pour’d into this Box to 
any height as C E, it infmuates it felf between the 
two Glass planes, and riftng to different heighrs be¬ 
tween the GlafFes where the opening is greater or lefs, 
it forms the common Hyperbola CGF; one of whofe 
Afyroptotes E F is the line on which the Surface of the 
Mercury in the Box touches the inner Giafs; the other 
is the line A C, in which the Flanes are join’d. This 
Hyperbola being carefully examined by .Mr. Hmksbce 
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and my felf, the Redangle E H G, wherefoever taken, 
proved always equal to it felf, to as great an accuracy as 
could be expeded, when the Planes were opened to any 
confiderable Angle: But when the opening was very 
fmall, the inequalities of the Planes, though the beft £ 
could procure, bearing a greater proportion than be¬ 
fore to the diftance between them, occafion’d a fenfi- 
ble variation. Which, by the way, I take to be the 
reafon, why the Ordinates found by the late Mr Hacks' 
bee , in examining the Curve produced in a contrary fi* 
tuation, upon dipping two Glafs Planes fo join'd into 
spirit of Wine, do not anfwet to thofe of the Hyper¬ 
bola. 

Exp. IV. Fig. 8. A B is a perpendicular Sedion 
through two Glafs Planes join’d at A, and open’d to a 
fmall Angle at B. C reprelents a pretty large drop 
of Mercury, the larger the better, which, being made 
to defcend as far as C, by holding the Planes in an e- 
red pofture, with the end A downwards, retires from 
the contad of the Planes to D, upon inclining the Planes 
towards an horizontal Situation5 and the diftance CD 
becomes greater or lefs, as the Planes are more or lefs 
inclin’d towards the Horizon. 

A drop of any Oily or Watery Liquor moves the 
contrary way, as has been Ihewn by the iate Mr Hanks- 
bee. 

Exp. V. Fig. 9. A B is a Tube open at both ends, 
and a Foot or two in length, whofe lower part is 
drawn out into a fine Capillary at B. This Tube being 
fill’d with Mercury, the whole Column of Quickfilver 
will be fuflain’d in it, provided the Capillary Tube 
at B be fufficiently fmall. But if the Mercury in rhe 
end B be fuffer’d to touch any other Mercury it runs 
all out of the lube, if, without letting it touch any 
other Mercury, a fmall part of the end B be broken of£ 
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the Mercury will run out, tiii it.comes to fome Idler 
height as B G, at which it will again (lop, the height 
B C being nearly in a reciprocal proportion to the Dia¬ 
meter of the imail end of the Tube. 

The Seventh Experiment in Phil. Tranf. N°. 305' is 
the Reverfe of this, 

Exp. VI. Fig. 10. Is the fame in fubflance with the 
former, but made with a large Glafs Funnel A 8, 
inftead of a Tube. 

The Reverfe of this in Water is the thirteenth Expe¬ 
riment in the fame franfadtion. 

In all thefe Experiments it is eafily feen, that the Ef¬ 
fect is owing to the difference between the two Attra¬ 
ctions, by which Mercury tends to Glafs and to its 
own body ; they being always oppofed to one another, 
ib that a particular Explication is no way neceflary. 
But perhaps it may fave fome little trouble to the Rea¬ 
der, to remove the following Gbje&ion, which will 
readily occur to him. 

In the Experiments brought to demonflrate the 
fourth Propofition, the Globule of Mercury adheres to 
the Glafs in a plane Surface, which cannot be done 
without encrcafing the Surface of the Globule, and con- 
iecjuently removing fome of its Particles from the con- 
cad of one another. If therefore they tend more firong- 
ly to one another than to the Glafs, why do they not 
recede from the Glafs, and aflame a figure perfectly 
Spherical, that they may all have the greateft poflible 
contact with each other ? 

To this we may anfwer, that the Power, by which 
Mercury is attracted either by Glafs, or by other Mer¬ 
cury, is proportional to the attracting Surface; and 
therefore, though, cuter is paribus , the tendency of Mer¬ 
cury to Glafs is not fo ftrong as its tendency to other 
Mercury, yet in this cafe a much greater number of 
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Mercurial Particles coming into contact with the Glafs, 
than what recede from the contact of one another, it 
is no wonder, that the Attradfion of the Glafs prevails, 
and caufes the Globule to adhere to it For the num¬ 
ber of Mercurial Particles which lofe their contad with 
the other Mercury, is no more than what makes up 
the difference of Surface, which arifes from changing 
the figure of the Drop: whereas the Particles, which 
by this means come.to adhere to the Glafs, are all 
thofe that conflitute the plane Surface, in which the 
Globule touches it 

Which Conffderation ought likewife to be apply’d 
to the Sufpenfion of QuickfiJver in Glafs Tubes, either 
at extraordinary heights in the open Air, or at leffer 
heights in a Vacuum, as above mention’d. For the top 
of the Tube being Spherical, or nearly fo, it will be 
found, that the contadf of the Mercury with the extre- 
micy of the Tube, is to the conradt with other Mercu¬ 
ry, which would be gain’d by its leaving the Top of 
the Tube and defcending a very fmali (pace, in a Ratio 
infinitely great; and confequently that the contadi of 
the Mercury with the top of the Tube is one caufe 
of its Sufpenfion. 

Coroll ifi. From this Proportion it appears, that in a 
Barometer made with a narrow Tube, the Quickfilver 
will never (land at fb great a height as in a wider. 
Which accounts for th e Phenomenon fo often mention’d 
in the Yearly Hiftory of the Royal Academy of Scien¬ 
ces at Paris by Mo nil Do U Hire ; that in the Barome¬ 
ter, which he conffant’y made u(e of for his annual Ob- 
legations, the Quickfilver did not rife fo high, as in 
another he kept by him, by about three Lines and a 
half which is near a third of an Inch our Meafure:. 
For he ;:elis us, that the Tube of his Barometer is very 
fmali. So that there is no need to have recourfe to any 
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peculiarity either in the Quickfilver or the Glafs of 
which that Tube was made; or to an unperceived remnant 
of Air left in the Tube, from fome of which caufes that 
Effect and fome others of the fame kind were imagined 
to proceed. 

Cor. xd. In a Barometer made with a fmali Tube, 
the Mercury will rife and fall irregu'ariy. For, as the 
height of the Mercury depends partly upon the Dia¬ 
meter of that part of the Tube that touches the up¬ 
per Surface of the Mercury, it is plain, that the unavoi¬ 
dable inequalities in the Diameter of the Tube will be 
more considerable, in refped to the whole Diameter; 
and confequently will afffid the height of the Mercury 
more in a fmali Tube than in a wider And this 1 
take to be the reafon, why it is fo very difficult not 
to fay impoffible, to make two Barometers, which ffiall 
exactly agree in the height of the Quickfilver in all 
conflitutions of the Air, etpecially if the Tubes be ve¬ 
ry narrow. This irregularity is fill more confiderable 
in the Pendent Barometer, in which the Quickfilver 
moves through a large fpace, in order to make a fmali 
alteration in the length of the Column fulpended; The 
fame confidcradon is eafily extended to ihofe Levels, 
that depend upon the rifing of Mercury to the fame 
height in the oppofite Legs of a bent Tube; an Inftru- 
menc of which kind has been lately offer’d for the 
fervice of the Publick. And as the effed is juft con¬ 
trary in Levels made with Water or Spirit of Wine, 
due regard ought to be had to this Property in the 
conftrudionof thofe Inftruments, by making the Tubes 
Efficiently wide, in order to diminilh the Error as much 
as poffiblc. 


III. Part 































